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A third human desmocollin, designated DSC3, was 
identified in foreskin epidermis by reverse tran-
scriptase-polymerase chain reaction (PCR) using de-
generate desmocollin primers. eDNA clones covering 
the entire coding sequence of the longer DSC3 splice 
variant were isolated and sequenced. Sequence com-
parisons indicated that this new desmocollin showed 
greater homology (67% amino acid identity) with the 
original human desmocollin (now designated DSC2) 
than with DSC1 (52% amino acid identity) although it 
had a unique potential cell adhesion recognition site 
(YAS). DSC3 was assigned to chromosome 18 by PCR 
analysis of rodent-human somatic cell hybrids, where 
it appears to be closely linked to all the other desmo-
somal cadherin genes. The expression of the three 
human desmocollins was examined in foreskin epi-
D csm osom es are specialized adhesive structures that are particularly abund. ant in strati fi ed epithelia such as the epidermis, where they play a central role in the m aintenance of tissue architec ture . The m ajor glycoprotein species present in the desmosome 
(desmoglein s and desm ocollins) are both members of the cadherin 
superf.1miJy of Ca ++- dependent cell adhesion mol ecules (1-4). 
Both have an extracellular do main containin g four cadhcrin-like 
repeats w ith several ac idic, putative Ca ++ - bi11din g sites . Intracel-
lularl y, the cytoplasmic dom ain s o f th e desmosomal cadherins show 
more d ivergence, both from the class ic cadherins ;md between the 
d esmogle ins and desm ocollin s. The desmog leins h ave the large r 
cytoplasmic do m ain , which contains a number of repeats predicted 
to adopt a {3-pleated sheet structure (5-7) . T h e dcsmocollins 
characte ri stica lly occur as two alternative sp lice variants (a and b 
form s) that differ in the length and seq uen ce of th e ir cytoplasmic 
domains [8 -1 5). 
Altho ugh desm ogle in s and desmocollin s are related to the class ic 
cadherins, the re is li t tl e informatio n about the mechanism of the 
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dermis by i11 sit11 hybridization with 3 '-untranslated 
riboprobes and by immunofluorescence with isoform-
specific anti-peptide antibodies. DSC1 was present in 
the upper spinous/granular layers but not in the 
basal/lower spinous layers of the tissue. DSC2 and 
DSC3 were present in most of the living layers of the 
epidermis. DSC1 was not detected in any of the 
nonkeratinizing human epithelia examined (buccal 
mucosa, cervix, esophagus), indicating that it is spe-
cific for the keratinizing epithelium of the epidermis. 
However, all these internal epithelia expressed DSC2 
and DSC3, and both were present in most of the 
living layers of the tissues including the basal layers. 
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specific adhesive processes media ted by the desmosom al cadherins 
in epithe lial tissues . An adhesive ro le for the desmogleins is sug-
gested by the presence of pathogenic autoantibodies in differem 
form s of the bliste ru1g skin disease pemphigus [16,17] . M ore 
recently, transfection of a chimeric molecule containing the ex tra-
cellular domain o f pemphigus vulgaris antigen (Dsg3 ) was shown to 
confer som e adhesive properties on fibrobl astic L ce iJ s [1 8). T h ere 
is less direct evidence for desmocollin-mediated cell adhesion, 
although antibodies against bovine desmoco llin we re repo rted to 
inhibit desm osom e formation in MDBK cells [1. 9]. 
In add ition to m ediating epithelial cell adhesion , the desmosom al 
cadberu1s m ay a lso play a m ore dynamic rol e in epithelial morpho-
genesis. It is no w clear that the desmosomal ca dhe rins exist in a 
number o f diffe rent isoform s .in the epide rmis and that particular 
desmogle in and desmocollin isoform s arc expressed at diffe rent 
stages of epidermal differentiation [1 3 ,1 5,20 ,21) . T his differential 
express ion o f desm osom al cadhe1·in isoforms may reflect differential 
adhesive interac tion s be tween keratinocytes, which could be in-
volved in the morphogene tic processes associated with epithe lial 
stratification and keratin ization. 
T he f1rst human desmocollin to be clon ed and sequenced [11] 
was known as DGII/111 and w as later shown by ;, situ hybridiza tion 
to be expressed mainly by cells in the basal layers of the epidem1is 
[20) . Theis cf nl [13] subsequently isolated this eDNA by po ly-
m erase ch ain reaction (PC R) and confirmed its expression in 
severa.l basa l ce ll layers of human epithe lial tissues . This gene was 
originally des ignated DSC3 according to the agreed nomenclature 
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[ 4]. However, from sequen ce comparison s (22), it is n ow clear th at 
this human gene is o rthologous to the b ovin e type 2 d esmocollin 
(DSC2) cloned by Koch eta/ (23) . In partic ular, they share th e same 
putative cell adhesion recognition site (FAT) w hic h , we be lieve, 
may b e the b est indicator of desmocollin type to date . Further , this 
particular desmocollin appears to be widely distributed in both 
hwnan [13] and bovine epithelial tissues [15, 23]. To maintain 
equi valent nomenclature for th e human and bovine d esmocollins, 
we therefore propose to redesignate the original human d esmocol-
lin cloned by Parke r eta/ [11] as DSC2. This re lation diffe rs fro m 
that r ecently d escribed by Legan et al [15]. By these crite ri a , the 
mou se desmocollin expressed in 8 .5-d e mbryos [24] is also a type 2 
desm ocollin. 
The presence of a second human d esmocollin was first suggested 
by an1.ino acid sequ en cing of g lycopeptide fragments isolated from 
plantar callus [25]. This second human d esmocollin (DSC1) h as 
now b een cloned and shown to have only 53% identity with human 
DSC2 [12 ,13,26]. Its expression is restricted mainly to th e upper 
spinou s and granular layers of human foreskin epidermis b y both i11 
situ h ybridiza tion [20] and indirec t immuno fluorescen ce u sing 
monoclonal antibodies [21] . This d esmocollin is clearly the human 
orthologue of the suprab asal bovine typ e I d esm ocollin (DSC1) 
cloned by others [8 -10] . 
We h ave now isolate d eDNA clones en coding a third d esmo-
collin presen t in human epidermis and h ave d esignated tlus gen e as 
DSC3. Like the o ther desmosomal cadherins, it is located on 
chromosom e 18. T his gene is identica l to the d esmocolli.t1 isolate d 
recently from a bladder carc i.t1oma ceU line and tentatively calle d 
desmocollin type 4 [27] . W e have used this n ew sequence infor-
mation to ex amine th e expression p atterns of individual desm ocol-
lins in human stratifie d epithe lial tissues. 
MATELUALS AND METH ODS 
Reverse Transcription PCR (RT-PCR) Total RNA was isolated from 
rn.inced human foreskin and fro m cul tured human keratinocytes according 
co Chomczynski and Sacchi [28], and polyA + RNA was isolated by standard 
methods using o ligo (dT)-ce llulose. Approximately 0.5 J..Lg ofpolyA + RNA 
was prin1ed with randon1 hcxa1ners and was reverse- transcribed using 
murine Moloney leukemia virus reverse transc6ptase for l h at 42°C. PCR 
was carried o ut on one fifth of the first-strand eDNA reaction using the 
degenerate sense primer 11< 52 (5'-CTTGGAAA/GA/GTGGGCNATC/ 
TCTTGC-3') at 500 pmol/reaction and the conserved anti-sense primer 
lK53 (5' -CAGAGTGTGTCCTCTAATGGATTC-3') at 50 pmollreaction . 
ln addition, the PCR reactions contained 20 mM T ris H C l, pH 8.3, 50 mM 
KCL, 1.5 mM MgC1 2 , 200 J..LM dNTPs, and 1-2 U ofTaq D NA polymerase 
(Gibco-BRL). Reactions were heated to 82°C for 1 min and were initiated 
by the add ition of primers (ho t sta rt). R eactions were initially denatured at 
94°C for 1 min, fo llowed by five cycles of annealing at 50°C for l min , 
extension at 72°C for I min, and denaturation at 94°C for 1 min; with a 
further 30 cycles of annealing at 60°C for 1 min, extension at 72°C for 1 
m.in , and denaturation at 94 °C for 1 min; fo llowed by one cycle of 1 min 
annealing at 60°C and 5 min extension at 72°C. PCR products were 
analyzed by electrophoresis on regular 1 .5% agarose ge ls or on 4% Nu-sieve 
GTG aga rose. 
eDNA Library Screening We used a Agt11 oligo(dT)-primed expres-
sion library from human foreskin mRNA (Clon tech) together with random 
bexan ucleotide-primed [1 1] and oligo(dT)-primed libraries from cultured 
h.wnan kerati.t10cytes (lcindly provided by Fiona Watt) . Initial screens were 
with the novel 456-bp product gene rated by RT-PCR. The eDNA probes 
were labeled with [32P]dATP and [32P]dCTP using random primers and the 
Klenow fragment of DNA polymerase 1. Filters were hyb ridized at 42°C 
and washed to a final stringency of 1 X sodium citrate/sodium chloride 
buffer (0.15 M N aCl, 0.015 M sodium citrate), 0.1% sodium dodecylsul fate 
(SDS) at 68°C. Positive clones were plaque purifi ed and were eluted into 
0 .5 m l of A-buffer containing approximately 10% C HC13 . Phage was 
disrupted by heating at 70°C fo r 5 min , and eDNA inserts were sized by 
PCR u sing A-primers ['1 2]. T hose clones containing the most 5' sequence 
were identified after PCR. with A-primers and the gene-specific sense primer 
IK65 (5' -AGTTTTTGGTGCAACTAAAGGG-3'). Later screens were with 
a 497-bp PCR. product from the 5' end of clone K63, generated us ing the 
gene- specific primers IK74 (5'-GTGGAGTTGATAAAGAACC-3') and 
IK82 (5 '-ACAAGTTGA TGTGCCTA TC-3 ' ). 
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Figure 1. Results of 4% Nu-sieve GTG gel electrophoresis of 
RT-PCR products. Human foreskin (lan e 1) and cultured human kerati-
nocyte (lane 2) polyA + RNA was subjected to RT-PCR using oligonucle-
otide primers IK52 and !K53. T hese primers were also used on authentic 
DSC1 (lan e J), DSC2 (lmt e 4), and DSC3 (lane 5) eDNA clones identified 
after subcloning the PCR products into Bluescript (Table 1). A rra111, 
position of the 560-bp marker in Hindlll digested A sta ndards. 
eDNA Subcloning and PCR R T -PC R. products were gel purified as 
single bands from 1 .5')1,, agarose by electroe lution and were subcloned into 
Bluescript SK+ that had been digested with EcoRV and to which single 
3 '-thymidine overhangs had been added [29] . Plaque-purified eD NA clones 
were amplified fi·o m disru pted phage using A-forward and -reverse primers 
and J!fi t polymerase (Stratagene) in a hot start (82°C) PC R reaction with the 
foll owing conditions: 94°C denatu ration for lmin. fo llowed by 30 cycles of 
60°C am1ealing fo r 1 min , 72°C extension for 1 min. 94°C denaturation for 
1 min , and one cycle of60°C annea ling fo r 1 min, 72°C extension for 5 min . 
PCR. products were gel pu ri fied and subcloned into Blucscrip t as above . 
Double-stranded eDNA was sequenced (30) after alka li denaturation using 
a Sequenasc versio n 2.0 kit (A_n1ershan1), and sequences \VCre ana lyzed 
using the software of the Genetics Computt:r Group (program manual fo r 
the GCG package Version 7; Madison, WI). 
eDNA Probes and Riboprobes In addition to the DSC3 clones de-
picted in Fig 1 and the DSC1 and DSC2 clones generated by R T -PC R 
(Table 1), the following eDNA subclones were generated by PCR on 
full-length eDN A templates using the hot- start procedure described above: 
3' untranslated subclones were produced using primers LK8, 5'-GATG-
TACGAATTAAATATGTTC-3' (positions 2891-2912) and IK.4, 5'-AT-
TCGCCACCATGTCCG-3' (positions 3642-3658) fo r DSC1; primers 
IK99, 5' -CTGAAAGCCAGTGGCmATG-3 ' (positions 2811-2832) 
and lK1 00, 5'-ACACTTAATTAACTGGAGATAATG-3 ' (positions3195-
3172) for DSC2; and primers IK101, 5' -TGTCACAGTGCTACAATT-
AGG-3' (positions 2713-2733) and IK1 02, 5'-CGGATTCCGTTTACT-
TCCAAC-3' (positions 3291-3271) for DSC3. PCR products were gel 
purified and subcloned in Bluescript, and insert orientation was checked by 
end sequencing. To generate fusion proteins containing the extracellu lar 
domains of the three desmocollins, eDNA subclones were derived by PCR 
on clones K24 (DSC1) , p5B3 (DSC2), and K111 (DSC3) using oligonu-
cleotides with a 5' -extension incorporating a Ba111H l si te (sense primer) and 
an EcoRl site (anti-sense primer) . T he oligonucleotides used were !Kl 07, 
5 '-CCGCGTGGA TCCCGA TGGGCTCCTA TTCCAG-3 ' (positiom 665-
683 in the complete sequence) and IK1 08, 5'-ACGATGAATTCCAAG-
TATTACATTTGGTCTAAC-3 ' (positions 2233-2309) for DSC1 ; IK11l. 
5 '-CCGCGTGGA TCCAGA TGGGCTCCAA TTCCTTG-3 ' (positions 
446 - 465) and IK1 12. 5' -ACGATGAATTCCAAGTTGTACTCCTC-
CAC-3' (positio ns 21 19- 2100) for DSC2: and 1K111 and lK1 1 0, 
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Table I. Sequence Analysis of RT -PCR Products Shows 
Three Distinct Desmocollins in Epidermis and 
Cultured Keratinocytes·· 
Sense Antisense Total 
Foreskin 
DSC1 6 4 10 
DSC2 2 0 2 
DSC3 4 7 11 
Keratinocytes 
DSC1 18 16 34 
DSC2 1 0 
DSC3 3 0 3 
" Sequence assignment of eDNA clones generated by R T -PCR of human foreskin 
and cultured human kcracinocytc poly A + RNA using the redundant primer JK52 and 
conserved primer IK53 (sec text for dct:1ils). PC R produ cts were subclnncd in to 
Blucscript, and positive transformants were identified by bluchv hjrc screening. 
Miniprcp plasmid DNA from 23 (foreskin) and 38 (kcratinocytc) individual colonies 
was end-sequenced using the reverse Ml3 primer and compared with published human 
DSC1 and DSC2 sequences (11 , 12]. 
5'-ACGATGAATTCCAAGTATTACTCCTGTACTC-3' (positions 
2088-2067) for DSC3. The same sense primers were used for DSC2 and 
DSC3 because these seq uences differ on ly at two positions, and these 
differences do not aflect the translated sequence. These PCR products were 
extracted with phenol/chlorofonn , ethanol precipitated, digested with 
BnmHl and EwR1, and gel purified. They were ligated, in-frame, into the 
expression vector pGEX-2TK (Pharmacia) and used to transform Escherichia 
coli (DHSa). Miniprep DNA was checked for the correct size insert by 
double digestion and was end-sequenced to check that DNA had been 
inserted in-frame with the fu sion partner. 
Northern Blotting Poly A+ RNA from human foreslcin (about 1 /-Lg) was 
separated on 1.5°/,, agarose gels containing 6.3% formaldehyde in MOPS 
buffer (0.02 M 3-[N-morpholino] propane sulfonic acid, 0.005 M sodium 
acetate, 0.001 M ethylenediaminetetraacetic acid, pH 7.0). A A.-RNA ladder 
(Gibco BRL) was used to calibrate the gels. The RNA was transferred to 
Hybond N + (Amersham) using standard procedures (31], and the ftlter was 
ultraviolet cross-linked and baked at 80°C for 1 h. The eDNA probes were 
excised from Bluescript, gel purified, and labeled with 32P as above. Hybrid-
ization was at 42°C in 50% formamide, 5 X SSPE (0.18 M NaCI, 0.01 M 
sodilUn phosphate, 0.001 M ethylenediaminetetraacetic acid pH 7.7), 2.5 X 
Dcnhardts, 100 /-Lg/ml each of yeast tR..NA and denatured fish spenn DNA, 
and 1 'Yo SDS. Filters were washed to a fmal stringency of0.1 X SSPE, 0.5% SDS 
at 55°C and exposed to Kodak X-Omat AR. film with two intensifYing screens 
at - 70°C. Probes were stripped from the filter with 0.5'V.• SDS at 100°C. 
Itr Situ Hybridization Methods were based on those of Wilkinson and 
Green (32], essentia lly as described [20]. For each eD NA clone, anti-sense 
and sense (35S]-labeled riboprobes were synthesized using T3 (Boehringer) 
or T7 (Amersham) RNA polymerase with a commercial RNA labelu1g !cit 
(Amersham). Incorporation of [35SJ-UTP into the riboprobe was routinely 
in the range of 70% to 1 00%. Riboprobes greater than 1 kb were reduced 
to between 200 and 500 bases by treatment with equal volumes of 80 mM 
NaHC0 3 and 120 mM Na2C03 at 60°C (33]. Riboprobes were purified by 
gel fi ltration (Nick Columns; Pharmacia) and ethanol precipitation. ParaffiJJ 
sections of fixed slcin were dewaxed, hydrated, treated with proteinase K, 
and acetylated with acetic anhydride in 0.1 M triethanolamine, pH 8.0. 
After dehydration, the sections were hybridized with riboprobe at 50-60°C 
for 18 h, washed to a maximum of 55-65°C, and treated with ribonuclease 
A as before (20]. Air-dried slides were coa ted with Amersham LM-1 
emulsion and exposed for up to 2 weeks before developing and counter-
staining with to luidine blue. 
PCR Analysis of Somatic Cell Hybrids O ligonucleotides RSB176 
(5'-AATGAAGACCGCATGCC-3') and L~SD177 (5'-GGAGTTTGAGA-
TTTACCAG-3') were used to amplify up to 1 /-Lg of genomic DNA in 50 
J..d of 1 X Gene Amp buffer containing 50 pmol of each primer and 1.5 U of 
AmpliTaq Taq DNA polymerase (Perlcin-Eimer) for 30 cycles in a Hybaid 
Omnigene temperature cycler. The hybridization temperature was 54 °C. 
PCR products were checked on 1.5% agarose gels. Negative controls (no 
added DNA) and positive controls (human and mouse genomic DNA) were 
included in the analyses. 
Anti-Peptide Antibodies Peptides !KJ>l (KV!QSQDGFPAGQELL) 
specific for DSC1 , lKP3 (lTENDCTHRVDPlUGG) specific for DSC2, and 
IKP2 (ARDIPRVTALNRAL) specifi c for DSC3 were synthesized using an 
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Applied Biosystems 430A synthesizer. About 2 mg of each peptide was 
coupled to 2 mg KLH with 1-ethyl-3-(dimethylaminopropyl) carbodiimide 
hydrochloride using an lmject Immunogen EDC conjugation kit (PIERCE), 
and conjugates were purified by gel fi ltration. Rabbits (two per peptide) 
were immunized with an initial subcutaneous dose (about 100 /-Lg) of 
conjugate Ul Freund's complete adjuvant, followed by six monthly boosts in 
incomplete adjuvant. Blood was taken 2 weeks after each boost, and 
production of anti -peptide antibodies was mon.itorcd by Western blotting 
against a peptide-bovine serum albumin (BSA) conjugate prepared as 
above. 
Expression of Fusion Proteins Single colonies of E. coli transformed 
with the approp1iate pGEX recombinant were grown in TY medium 
containing 2% glucose and 100 /-Lg/ml ampicill in, and express ion of the 
glutathione-S-transferasc fu sion protein was induced by adding isopropyl-
13-D-thiogalactopyranoside (!PTG) to 0.1 mM for 1-5 h. To prepare whole 
bacterial lysates, 2-ml cu ltures were spun down and the bacterial pellet was 
boiled in SDS sample buffer for 5 min. Inclusion body preparations were 
obtained by extracting the sonicated bacterial pellet from 1 00-ml cultures 
with 2.5% sarcosyl in 150 mM NaCI, 10 mM Tris HCI , pH 7.5, 0.25 mM 
phenylmethylsulfonyl fluorid e, and 1 mM ethylenediaminetetraacetic acid, 
and collecting the inso luble fraction by centrifugation . 
Affinity Purification of Antibodies Inclusion body preparations of 
fusion proteins were fractionated on 5% SDS polyacrylamide gels (14 X 16 
X 0.3 em) and transferred to nitrocellulose. The fusion protein was located 
by staining the edges of the transfer with naphthalene black; tlus strip of 
nitrocellulose was excised, cut into small pieces , and blocked with 1% (w/v) 
BSA in phosphate-buffered saline (PBS). It was then incubated with 1 ml o f 
antiserum diluted with an equal volume of l % DSA/PBS for 1 h at room 
temperature and washed with severa l changes of PBS for 1 h. Bound 
antibodies were eluted with 1 ml of0.2 M glycine, pH 2.5, for 10 min. The 
eluate was neutralized with 0.2 ml of 1 M Tris HCI , pH 7.5, and was 
dialyzed against PBS before addition of BSA to 1% and storage at - 20°C. 
Indirect Immunofluorescence Air-dried cryostat sections were pre-
treated with 10% normal swine se rum in 1% BSA/PBS for 15 min and 
incubated with affinity-puri fied antibodies (1:5 dilution in 1% DSA/ PBS) for 
1 h. After washing with PBS, the sections were incubated with £1uoresceul-
isothiocyanate- conjugated swine anti-rabbit lgG (Dakopatts) diluted 1:40 
with 1% DSA / PBS for 1 h, washed again, and mounted in Vectorshield . 
RESULTS 
Identification of a Third Human Desmocollin (DSC3) by 
RT-PCR To amplify all the desmocollin sequen ces present in 
hum an epidermis, we used a strategy similar to that reported 
recently by Legan eta/ [15]. A degenerate sense primer (IK52) from 
the start of the transmembrane region was d es igned, taking into 
account all the available human and bovine desmocollin sequences. 
The anti-sense pru11er (IK53) was based on the C-terminus of the 
shorter b-variant, which is conserved in the published human and 
bovine sequences. These primers were used to amplify desmocollin 
cDNAs from human foreskin and cultured human keratinocyte 
poly A + RNA. In both cases, the PCR products migrated as a single 
band on regular agarose gels, but could be resolved into two closely 
spaced bands on 4% Nu-sieve GTG gels (Fig 1). PCR using tl1e 
same primers on authentic desmocollin clones indicated that the 
upper band contained DSC2 sequences, whereas the lower band 
contained DSCl. Because the PCR products were barely resolved, 
they were isolated from preparative agarose gels as a single band 
and subcloned into Bluescript, and positive clones were end-
sequenced using the reverse M13 sequencing primer (Table 1). The 
results showed that 43% of the sequen ces derived from foreskin 
clones and 89'!/o of those from keratinocyte clones were DSCl , 
whereas 9% and 3% of the clones, respectively, were DSC2. The 
remaining clones had unique end sequences that were neither 
DSC1 nor DSC2. Complete nucleotide sequencing of one of the 
unassigned clones confim1ed that the two unique end sequences 
belonged to a sing le, novel desmocollin sequence (456 bp) that h ad 
83°./,, nucleotide identity with DSC2 and 62% identity with DSC1 . 
This novel desmocoUin was designated DSC3 . 
Cloning of Human DSC3a and Comparison With Other 
Desmocollins To obtain longer DSC3 clones, we screened ex-
pression libraries derived from cultured human keratinocytes and 
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foreskins using the novel RT-PCR product as probe (Fig 2). Three 
overl app ing eDNA clones-K63 (2028 bp) , K105 (1 613 bp), and 
K111 (2332 bp)- covering the entire coding sequen ce of the 
lo nger DSC3 variant a were isolated and sequenced. T his seque nce 
has been given the accession number X83929 in the GenBank/ 
EMBL data base and shows 99 .5% iden tity to the human desmo-
collin sequ en ce described recently [27) as a type 4 desmocollin. 
Within the coding sequen ce, there are base changes at our position 
1 04 (A in place of C, resultin g in an aspartic acid at amino acid 28) 
and our position 2499 (G in place of A, w hich does not affect the 
translated sequen ce). Othe r differences are restricted to the un-
translated sequences. 
Figure 2. The eDNA clones used to establish the human DSC3 
sequence. Overl apping clones were isolated as described in the text and 
sequenced on both strands . Different shadings indicate sequence differences 
be tween clones encoding sp lice variants a and b. Arrows, positions of the 
ATG start codon and the TAA stop codon fo r the coding sequence of 
variant a . 
T he amino acid sequences of the three human desm ocollins are 
compared in Fig 3. OveraiJ, Dsc3 exhibits g rea te r amino acid 
identity with Dsc2 (67%) than with Dscl (5 2%). T he close simi-
larity of0sc2 and Dsc3 is also seen when major structural moti fs are 
compared. T he four potential N -g lycosylation sites present in 
m ature Dsc2 [11) are con served in Dsc3, whereas onl y two of these 
sites are found in Dscl . Similarly, th e RGS consensus serin e 
phosphorylatio n site is conserved in the cytoplasmic tail of Dsc2a 
and Dsc3a but is absent fi·om Dsc1 a. However, the potential cell 
adhesion recognitio n site is different in the th ree human desm ocol-
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KGGG.HQTLESVKGV . GQGDTGRYAYTDWQSFTQPRLGEKVYLCGQDEEHKHCEDYVCSYNYEGKGSLAGSVGCCSDRQEEEGLEFLDHLEPKFRTLAKT 
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CIKK 
CMKR 
CTKR 
* •: 
Figure 3. Contparison of the predicted amino acid sequences of the three huntan desntocollins (variants a) using the Pile-up program. 
Identical amino acids in all scqucncl!s arc indicated (nstcrisb). Conservative amino acid substitutions (K/R, D I E. 1/V / L. F/Y / W. and S/ T) arc indicated 
(doub le ''el1icnl liut's). Conserved potential N-glycosylation sites arc shown (trip le circles), as arc the mature protein N-tcrminus (1rin us lr), the putative ce ll 
adhesion recognition site (triple squares) , and the transml!mbrane region (blnck bnr) . Shnded mms indicate the pcptidcs {riG' I. IKP2, and 1Kl'3) used to genera te 
isofom1-specific desmocollin antibodies. 
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lins. Dscl has the tripeptide YAT, Dsc2 has FAT, and Dsc3 has 
Y AS. If it is assumed that tlus sequence functions as suggested for 
the classic cadh erin s [34] , these amino ac id differences may refle ct 
subtle variations in adhesive interactions mediated by the different 
desmocollin isoforms. 
The DSC3 Gene Is Present on Chromosome 18 To assign 
the gene for DSC3 to a human chromosom e, we performed a PCR 
assay, optimized for human genomic DNA, on the eight-mernber 
panel of rodent-human somatic cell hybrids described previously 
[24]. The oligonucleotide primers RSB176 and RSB177 were 
designed to amplify an 871 -bp fragment of human DSC3. RSB177 
was from the 3 '-untranslated region an d was likely to have little 
homology with other genes. This primer pair gave an 871-bp 
product with DSC3 eDNA but not with DSC1 or DSC2 eDNA 
(data not shown), confirming its specificity. The results of the PCR 
assay are shown in Fig 4. A PCR product of 871 bp was only 
detected in the human genomic control DNA and in the DNA of 
the cell hybrids HORL411B6P, HORL411B6N, RJA2, and 
D118ts-GM12082, all of which cany chromosome 18. Chromo-
some 18 was the only human chromosome present in D118ts-
GM12082. T lus PCR product was not detected in the other hybrids 
shown in Fig 4. There was therefore 0% discordancy between 
DSC3 and chromosome 18, whereas discordancies between DSC3 
and every other chromosome ranged from 25'Yo to 75%. DSC3 was 
therefore assigned to chromosome 18. 
The Three Desmocollin mRNAs Can Be Distinguished by 
Northern Blotting Northern blot analysis was performed on 
hwnan foreskin poly A+ RNA usin g the desmocollin eDNA probes 
generated during the RT-PCR procedure, and on eDNA probes 
derived from the 3 '-untranslated region of the three desmocollins. 
Identical results were obtain ed with both types of probe (Fig 5). 
/.. B ·a b c d e f g h 
+ 
Figure 4. PCR analysis of somatic cell hybrids indicates that DSC3 
is present on chromosome 18. Oligonucleotides RSB176 and RSB177 
were used in PCR analysis of human genomic DNA (a). mouse genomic 
DNA (IJ), and somatic cell hybrids PK-87-9 (112E2) (c), 640-63A 12 (d), 
CLONE21E (e), HO!li4l1B6N (f), HO!li411B6P (g), RJA2 (II), Dl18ts-
GM12082 (r), and B2 (J), and were analyzed on 1.5')'., agarose. B, a blank 
PCR reaction with no added DNA; >.., a 1-kb DNA ladder. An·ow, position 
of the human-specific amplification product. Hybrids HORL411 B6N (f), 
HO£U411B6P (g), RJA2 (II), and Dl18ts-GM12082 (t) all contain chromo-
some 18, and this is the only chromosome in Dl18ts-GMJ2082 (t). H ybrids 
PK-87-9 (c) and 640-63A12 (rl) both contain chromosome 9 as the only 
human chromosome. T hese arc human X hamster hybrids, which presum-
ably explains the absence of the mouse-specific fragment evident in those 
human X mouse hybrids lacking chromosome 18. 
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Figure 5. Northern blot analysis of poly A+ RNA from human 
foreskin distinguishes antong the three desmocollin messages. 
RNA (l J.Lg) was separated on 1.5% agarose and transferred to Hybond N+, 
and the fi lter was hybridized with 32P-labclcd eDNA probes prepared from 
the three desmocollin clones generated by RT-I'Cil... Between hybridiza-
tions, the filter was stripped with 0.5% SDS at 1 00°C, and probe removal 
was checked by autoradiography. The position of RNA markers (kb) is 
indica ted. 
The DSC3 transcript was the largest of the three desmocollin s 
(approximately 7 kb) and consistently gave the strongest sign al , 
indicating that it is prominently expressed in human epidermis. The 
DSCl message (about 6.5 kb) was slightly smaller than DSC3 and 
also gave a somewhat weaker hybridization signal. The DSC2 
transcript (about 5.5 kb) was the smallest of the desmocollin 
messages. 
Desmocollin mRNAs Are Differentially Expressed in the 
Epidermis In sit11 hybridization was carri ed out on human fore-
skin sections using anti - sense riboprobes derived from the 3 ' -
untranslated regions of the three desmocollin cDNAs to minimize 
possible cross-hybridization between related coding sequences. 
Using standard (60°C) hybridization conditions, the DSCl anti-
sense riboprobe gave a strong signal in the upper spinous/granular 
layer of the tissue (Fig 6a), in agreement with our previous findings 
[20] . DSC1 transcripts were not detected in the basal layers of the 
tissue or in the deep epithelium of the rete ridges. The DSC2 and 
DSC3 3 '-untranslated riboprobes failed to give a positive signal 
when hybridization was performed at 60°C, and the hybridization 
temperature was therefore reduced to 50°C. Signal specificity was 
ensured by maintaining stringent (60-65°C) waslling conditions . 
Under these conditions, the DSC2 and DSC3 riboprobes both 
hybridized strongly to cells in all the living layers of the epidermis, 
including the basal layer and the rete ridge epithelium (Fig 6b,c) . A 
low level of signal was observed with all the sense riboprobes (Fig 
6d,eJ). T lus was often more prominent over basal cells, possibly 
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F i g ure 6. Iu situ hybridization of human foreskin. Paraffin sections 
were processed as described in M nterinls attd Me/hods and were hybridized 
with 35S-1abeled antisense (n- c) and sense (d-)) riboprobcs generated from 
the 3'-untranslatcd region ofDSC I (n,d), DSC2 (b,c), and DSC3 (cJ). After 
coaci11g with LM-1 emulsion, the slides were exposed fo r up to 1 0 d, 
developed, and coun te rstaincd with toluidine blue. Bar, 50 !J.m. 
refl ecting the presence o f m elanin granules, w hich arc usually 
promin en t in the basaJ laye r of fo reslcin epide rm is. 
Anti-Peptide An tibodies Recognize Specific D esmocollins 
on Western Blots Peptides unique to individual desm ocollins 
we r e identified fi·o m the Pile- up comparison (Fig 3), synthesized , 
co upled to KLH, and used to gene ra te desm ocollin-specific anti-
bodies. All three peptidcs were located in the extracellul ar regio ns 
of th e desmocollin molecul es and were the refore shared by the two 
alternatively spliced varian ts of each isoform . To check the speci-
ficity of the an ti-pep tide antibodies , the entire extraceiJuJar do-
main s o f the three m ature desm oco llins we re expressed in E. coli as 
gl utathione-S-transferase fu sion proteins, and W estern blo tting was 
performed o n w ho le bacte rial lysates after inductio n w ith IPTG 
(Fig 7) . Protein staining showed the presence of fusion protein 
bands o f the expected size (abo ut 100 k.D) in E. coli transformed 
wi th the three fusion constructs. T he D scl fu sio n protein reacted 
strongly with the Dscl antibod y (Fig 7 , la11.e 4) , bu t not with those 
generated against othe r desm oco!Jins. T he D sc2 fu sion pro tein 
reac ted w ith the Dsc2 pep tide antibody (Fig 7 , laue 8), but less 
strongly than w as fo und with Dscl . It was not recognized by the 
Dsc3 antibody (Fig 7, laue 11) . H owever, a po lypeptide o f similar 
size was recognized , albeit w ea kJ y, by the Dsc l an ti bo dy (Fig 7, 
larte 5) . T he D sc3 fu sion pro tein reacted strongly with the D sc3 
pep tide antibod y (Fig 7, laue 12), but no t with those generated 
against D scl or Dsc2 peptides. W e concluded tha t the Dsc2 and 
Dsc3 an tibodies we re isoform-specifi c, but the Dsc1 an tibody 
showed a possibl e low level o f cross-reactivity w ith D sc2 on 
Western blo ts. 
D esmocollin Proteins Are Differ entially E x pl'essed in Epi-
d e rinis and Other Stratified E pithelia Initial experimen ts 
with who le an tisera sho wed significant backgro und sta ining, and 
the an tibo dies were therefore affini ty p uri.fied using th e relevan t 
fusio n protein as immunoabsorben t. ln fo reskin (Fig Sa), Dscl 
staining was strong in the upper laye rs of the tissue but was not 
detected in the basal and lo w er spino us layers or in the epithelium 
of t h e re te ridges. T his is consisten t wi th the iu siw hybridizatio n 
data (Fig 6) and o ur previo us o bservations with m onoclo nal 
antib o dies against callus-derived glycopeptides [21]. In contrast, 
Dsc2 and Dsc3 staining (Fig 8/J,c) was seen in all strata of fo reskin 
epid em1is, including the basal and lower spino us layers. 
T he distributio n of desm ocollin s in som e no nkerati.niz ing epi the-
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lia was also exa mined by immuno flu o rescence. Dscl was no t 
detected i11 the o raJ epithe lium of the buccaJ mucosa (Fig Sd) , 
altho ugh this stratified epi the lium was clearl y stained by both Dsc2 
(Fig Se) and Dsc3 antibodies (Fig 8./) . Staining w ith b oth an tibodies 
appeared to be stronger in the lower hal f of oral epi theliaJ tissues. 
Sin1il arly, the stratified epithelia of the esophagus (Fig Sg) and 
cerv:Lx (F ig SJ) were n ot stained by DSC1 antibodies, but they were 
both positive fo r D sc2 (Fig Sll ,k) and Dsc3 (Fig Si,l) . 
DISC U SSIO N 
R T-P C R with degene rate d esm ocoll in prim ers reveal ed three 
distin ct desm ocollin seq uences in bod1 human foreslcin epidermis 
and in kc ratinocytes cultu red fro m this tissue . T here was no 
evidence fo r furth er heterogen eity of human d esm ocollins. We 
therefore believe that there are o nly three m ajor desm ocoll.ins 
expressed in human fores lcin epidem1is. However, we cannot 
entirely exclude the possibil ity of other desm ocollin isoforms, 
perhaps associa ted with specific body sites. 
T he third human desm ocollin characterized in this paper is 
o rtho logo us to the partia l bovin e clone recentl y described by Legan 
et al [15) and has been design ated D SC3 in this study. T he hmmm 
and bovine type 3 desm oco llins both have tl1e Y AS p utative ceiJ 
adhesion recognitio n tripep tide (tllis paper and K.K. M . Y ue, ]. 
H olton , J.P. C larke, J.L. M . Hya m , T. Hashimoto, M .A .]. C hidgey, 
and D .R . Garrod , personal commmlication) . Sequence compari-
sons indicate that the human type 3 desm ocolli.J1 described here is 
99 .5% identical to th e desm ocollin recently cloned by Kawa mura cl 
a/ [27) fro m bladder carci.no m a cells and ten ta tively called typ e 4. 
Both sequ ences con tain the Y AS m otif, and the bladder-derived 
desm ocollin sho uld therefore be classified m ore proped y as type 3. 
A11 tibodies against authen tic partial peptides from th e bladder-
de rived desm ocollin were fo und to stain the surface of cul tured 
human kerati.n ocytes, but expression of this pro tein in human 
epithelial t issues w as not repo rted. 
In tllis study, we have genen1ted isoform-specific reagents for 
studying the expressio n patterns of all the cloned desm ocollins in 
human epi thelia. T he new d ata have necessitated some revis io n of 
ea rlier conclusions (20) about the distribu tion of desm ocoll ins, 
particularl y DSC2, in hum an epidermis. However , there a.re sti ll 
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Figure 7. Specificity of isoform-specific an t i-pep tide antibodies. 
W hole bacterial lysares of E. roli transformed with pGEX-2TK fus ion 
constructs containing the extracellular domains of Dsc1 (/a 11cs 1,4, 7,10). 
Dsc2 (/nll l'.l' 2,5,8, 11), and Dsc3 (la11es 3, 6,9, '/ 2) were fractionated by 
SDS-PAGE on 6'!!,, polyacrylamide and transferred to nitrocellulose. Repli-
ca te strips were either stained wi th naphthalene black {lmtcs 1-3) or 
incubated with antiserum (dilu ted 1 :250) aga inst the Dsc !-specific peptide 
(/n11es 4-6) . the Dsc2-specific peptide (ln11es 7-9). or the Dsc3-specific 
peptide (ln11 cs 1 0- ·12). Bound antibodies were detected with peroxidase-
conjugated goat anti-rabbit lgG and 4-chloro-1-naphthol (BioR.ad). The 
posi tions of Mr markers (X 1 0- 3) and the glu tathione-S-transferasc fusion 
proteins (an-ou>s) arc indicated. 
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DSC1 DSC2 DSC3 
Figure 8. Indirect immunofluorescence of buntan foreskin (11- c), 
bucc:tlmucosa (d-./), esophagus (g-1), aud cervix (j-f) with isoform-
specific desmocollin antibodies. Unfixed cryostat sections were incu-
bated with affinity-purified anti-peptide antibodies against Dsc1 (a,d,gJ), 
Dsc2 (b,e, ll ,k), and Dsc3 (cJ, i,l) , dil uted 1:5 in 1% llSA/PllS. Bound 
antibodies were detected with Auorcscein-isothiocyanatc- conjugatcd swine 
anti-rabbit lgG. Dashed li11e, position of the basement membrane in foreskin. 
Note that Dsc·l is present only in epidermis (a) , where it is strongly 
expressed in the upper layers of the tissue. Dsc2 and Dsc3 are present in all 
stratified epithelia and arc expressed throughout most of the tissue. Bar. 50 
!J.nl. 
differences between the present resul ts and those reported by Legan 
et nl [1 5] for bovine epith elia, obta ined mainly by in si/11 hybridiza-
tion o n nasal epidermis. T he reasons for these discrepancies are n ot 
yet clear, although they m ay re fl ect signifi cant species and/ or body 
site variation. In addition, th e possibility of cross-hybridization 
ca nnot be entire ly excl uded because the bovine study used ri bo-
probcs derived from conserved coding sequ en ces, whereas in the 
present study w e used 3 ' -untranslated probes. DSC1 was detected 
o nly in epidermis and not in th e other stratified epithelial tissues 
tested , indicatin g that it is a skin-specifi c desmosomal componen t in 
human s. T his is in agreem ent w ith the i11 sit.11 resul ts on human 
tissues o btained by T heis ei nl [13] and the i11 sit11 and immunoflu-
o rescence study of bovine DSC1 by Lega n ef nl 11 5]. T h e latter 
repo rt also described DSC1 in tongue, where it was rew·ic ted to the 
posteri o r com partment of filiform papillae-an expressio n patte rn 
reminiscent of keratins 1 and 10 [35] . Altho ugh our Dscl anti -
peptide antibody showed a low level of apparent cross-reactiv ity 
w ith the Dsc2 fusion pro te in on Western blots, we do not believe 
that this affected its specificity in the immuno fluorescence ana lysis. 
T his antibody stained the epidermis in a h.ig h.l y charac te ristic 
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fa shion that was iden tical to the staining o b served previo usly with 
monoclonal antibodies (21] and was wholly consistent with the i11 
situ h yb rid ization results on foreskin (Fig 6) . T h e antib o dy did not 
stain the lower layers of the epidermis whe re Dsc2 is expressed , nor 
did it stain any of the nonke ratinizing epith elia that express D sc2. 
Although Dscl appears to be skin specific in both human and 
bovine tissues, its precise distribution seems to b e different in the 
two species. ln bovine epidermis, Dscl expression starts in the first 
subrabasal laye r except at the base of deep re te ridges, where 
expression occurs after several suprabasal layers (15]. However, in 
human epidermis, stron g Dscl expression generally becomes ap-
pa rent much highe r in the tissue and it is not de tected in the rete 
ridges. 
T he D sc2 antiserum had the lowest titer of the three an ti-peptide 
antibodies and produced th e hig hest background staining, even 
after alfin.ity purification. This probably re fl ects the relative insol-
ubili ty of the Dsc2 peptide, which may have red uced the e fficiency 
of its conjugation to KLH. N evertheless, the antibody clearly 
stain ed all the stratifi ed epithe lia th at were tested . T his is consistent 
with previous assumptio n s that DSC2 is th e m ost widely expressed 
desmocollin in epithelial tissues (13 ,15,36], be in g present even in 
th e ea rl y m o use embryo at the 32-ceU stage [37] . T h e presen t i11 situ 
and immunofluorescence results indicate th at DSC2 is not restricted 
to th e b asa l laye r of human epidermis, as suggested earlier [20] . We 
suspect th at the weak in sit11 sign al seen previously over b asal cells 
and the low signal-to-noise ratio ma y have compromised our 
inte rpretation of the pre vious data, and the sign al may have been 
nonspecifi c , as we have seen simil ar hyb rid iz ation signals w ith sense 
riboprobes (Fig 6). T he present i11 situ and immunofluorescence 
results both sh owed clear expressio n of DSC2 throughout the 
livin g layers of foreskin epidermis, and immunofluorescence re-
vealed a similar distribution in other stratified epithelia. T h e present 
d ata the refore agree with the ;, situ results ofTh eis et n/ (13] , wh o 
d escrib ed expression of DSC2 in m ost living layers of human 
epidem1i s and in the lower strata of cervix and esophagus. Again, 
th e human expression patte rns appear to be diffe ren t from those 
described for bovine epidermis . Legan et nl [15] found that DSC2 
was expressed in suprabasa l cells by ill sit11 hybridization with 
strongest expression in several ce ll layers n ear the b ase of the rete 
ridges. In bovine e sophagus, DSC2 expression was weak o r absen t 
from basal cells and was much stronger in the lower h alf of the 
epithelium. Our immunofl uo rescence results showed clear Dsc2 
sta ining of basa l cells in human epidermis and oth e r stratified 
epithelia . 
Like DSC2, DSC3 was presen t in all the stratif ied epithe lia 
examined. Whether this desmocollin is also present in simple 
human epith e lial tissues remains to be seen . Bovin e DSC3 was not 
detected in simpl e epithcl.ia by N orth ern blotting [15]. leading to 
the suggestion that it was specific to stratifi ed epith e lia. However, 
bovin e DSC3 tran scripts w ere restricted to t he basal and immedi-
ately suprabasa l laye rs of n ose epide rmis by i11 sit.u hybridization 
[15] . T his contrasts strongly with the present hum an results show-
ing that DSC3 mRNA and protein were present in m ost of the 
liv ing layers of the epidem1is. D sc3 prote in was also present 
thro ugh o u t most of the layers of nonkeratinizing epithelia, al-
though staining was often stronger in the lower part o f the tissues. 
Legan et nl (15] suggested that DSC3 might be specifically associ-
ated with the proliferative compartment of stratified epithelia, as its 
expression seemed to corre late with the distribution of proliferating 
cells (including stem cells) in bovin e epidermis. T his suggestion 
seem s unlikely in the human g iven the present fmdin g that DSC3 
expressio n extends far beyond the proliferating cell layers. 
To summ arize the human desmocollin expression results , DSC2 
and DSC3 are presen t in aU the stratified epithe lia tested, and they 
are expressed b y most of the living cell layers including the basal 
cell layer. W e have been unable to detect any consistent difference 
in the distribution of th ese two isoform s. PSC1, in contrast, is 
present only in the keratiniz ing epithe lium of the epidermis , where 
it is expressed late in di fferentiation. T )le results are consistent with 
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a specific role for DSCl in the development of a keratin iz ing 
epithelial phenotype. 
PCR analysis on somatic cell hybrids has ass igned DSC3 to 
chromosome 18, th e same locatio n as the other two desmocollins 
and the three human desmogleins (24,38-40]. lt now appears that 
all the desm osomal cadherin genes are very closely linked o n this 
chromosome. T hus, interspecific backcross analysis indicated that a 
desmoglein gene, DSGl, and a desmocolli.n gene, DSC2, were 
closely linked on m o use chromosom e 18 in a region having 
conserved syn ten y w ith hum an chromosome 18 (24], and anaJys is 
of a deletion pane l of somatic ce ll hybrids [41] and fluorescent i11 
situ hybridization analys is [ 42,43] has indi cated that the DSG/DSC 
loci are at q12.1 on human chromosome 18 . . Moreover, ana lysis of 
Y AC clones and geno mi c So uthe rn blots has indica ted very close 
physical lin kage between the desmoglein genes (44] and between 
the desmocollin genes, and also close linkage between these two 
clusters (C.M.E. Cowley, D. Simrak, J. Arnema nn , and R .S. 
Buxton, unpublished results). T his gene clustering may ha ve 
importan t implications for the regulation of desmosomal cadherin 
expression during epidermal differentiation. 
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